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ABSTRACT

Thin films of Cadmium Telluride have been deposited for various solution
concentrations using a spray pyrolysis technique. The preparative param-
eters such as solution concentration, substrate temperature, quantity and
pH of solution have been optimized using photoel ectrochemical (PEC) tech-
nique. The PEC measurements show that both short circuit current (1) and
open circuit voltage (V) are at their optimum values for the solution con-
centration of 10 mM at the optimized substrate temperature of 250°C. Fur-
ther, thefilms have been characterized using X-ray diffraction (XRD), opti-
cal absorption, scanning electron microscopy (SEM), and energy disper-
sive analysis by X- ray (EDAX) techniques. XRD shows that the films are
polycrystalline with cubic structure. The film deposited at optimized solu-
tion concentration hasthewell-formed grainsas evidenced from SEM. EDAX
analysisreveal sthat material formed isamost stoichiometric dightly richin
tellurium. The optical absorption studies confirm the existence of direct
interband transitionin CdTewith gap energy of 1.5 eV and absorption coef-
ficient of the order of 10* cm™. © 2011 Trade Sciencelnc. - INDIA
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Semiconducting materials have been receiving a
great deal of interest among the researchers because
of their potentid applicationsin photovoltaic devices.
Cadmiumtdlurideisoneof such semiconductorswith
applications such as photovoltaic cell, laser window,
p-ndiode, Gammaray detector etc. The present status
of CdTethinfilm based solar cell includes 16% effi-
ciency for deviceson glasssubstrates*. TheCdTeis
amember of 11-V1 photoconductive semiconductor of
the type AX (A=Cd, Zn, Pb etc. and X=S, Se, Te

etc.) and haswiddy been studied*”. Among few semi-
conducting materids, CdTethin filmsareefficient pho-
tovoltaic energy convertersdueto their optimum direct
band gap of 1.5 eV and high solar absorption®. CdTe
thin films can be prepared by avariety of techniques
such as close spaced sublimation, spray pyrolys's, eec-
trodeposition, thermal evaporation, screen-printing and
sputtering. Among al these methods spray pyrolysisis
asimpleand low-cost technique, wherein the control
of stoichiometry is obtained smply by varying the con-
centration of precursorsand the substrate temperature.
Thedeposition of 11-V1 semiconductor of sulfidesand
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Figurel: Variation of I _and V_ with solution concentra-
tion for CdTethin film based polysulphide PEC solar cell

selenides by spray pyrolysiswasfirst investigated by
Chamberlin and Skarman*? and that of cadmiumtellu-
ridefilmsby Booneet a .1 and Jorden et a.*®l. CdTe
thin film can be el ectrodeposited from acidici*+9, ba-
sici* and organic el ectrolyted*#9, The Cd- chalco-
genidethin film properties have been studied by oth-
erS[Z(}ZQ].

This paper reportspreparation of CdTethinfilms
onto the preheated glass substrates and fluorine doped
tin oxide (FTO) coated glass substrates by a spray
pyrolysistechnique. Thefilmshave been characterized
by photoelectrochemical (PEC), X-ray diffraction
(XRD), optica absorption, scanning electron micro-
scope (SEM) and energy dispersive analysis by X-
ray (EDAX) techniques. A role of solution concentra:
tion on propertiesof spray deposited CdTethinfilms
have been studied.

EXPERIMENTAL

Preparation of CdTethin films

CdTe thin films were deposited onto amorphous
and fluorine doped tin oxide (FTO) coated glass sub-
strates from a solution concentration of 7.5-15 mM
by spray pyrolysistechnique. TeO, was dissolvedin
hydrazine hydride, anmonium hydroxideand HCI, and
finally mixed with agueous solution of CdCl2toforma
clear spraying solution with pH of 10.5. The solution
was sprayed onto the preheated glass substrates main-
tained at substrate temperature of 250°C. Hydrazine
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hydride used asareducing agent to obtain Te* iong®.

Thepreparative parametersof CdTethinfilmswere
optimized by varying the sol ution concentration a the
fixed vaues of substrate temperature, quantity of spray-
ing solution and pH vaue of solution. The solution pH
value, quantity of solution, and spray rate were opti-
mizedtobe 10.5, 30 ml and 1.5 cm®/min respectively.

Characterization

The PEC cdll consisted of CdTethinfilmasanac-
tive photoel ectrode, polysul phide solution (1 M NaOH
+1M NaS+1M S) asan eectrolyteand graphite as
a counter electrode. The distance between
photoel ectrode and counter e ectrode was0.5cm. The
cdl wasilluminated with 500 W tungsten filament lamp.
Thewater lenswasinterposed between the lamp and
the cell to avoid direct heating of the cell. The short
circuit current (Isc) and open circuit voltage (V oc) were
measured with respect to various sol ution concentra-
tion. The structura characterization of the as-depos-
ited CdTethinfilms was carried out by analyzing the
XRD patterns obtained using a Phillips X-ray
diffractometer model PW 3710 based with Cr-radia-
tion source having wavelength 2.2897 A. Diffraction
angle (20) in the XRD patterns varies from 10-100°
with step width of 0.02°. The optical band gap was
estimated from optica absorption measurementusinga
UV-VIS-NIR spectrophotometer (Hitachi model 330
Japan) in the wavelength range of 350-850 nm a room
temperature.

Themicrostructural aspectswereinvestigated by
SEM mode Cambridge Stereoscan 250-MK 3 assem-
bly and modd XL-30in series. Themagnification used
was4000 X. The compositional analysis of the depos-
ited materid wascarried out by EDAX attachment to
above-mentioned SEM modd.

RESULTSAND DISCUSSION

Deposition of CdTethinfilmsand effect of solution
concentration on thefilm formation TeO, wasadded to
asolution of ammonium hydroxide (NH,OH), which
was used as a solvent. TeO, takes 2-3 hours for its
complete dissol ution. Hydrazine hydrate (NH,.H,O)
actsasareducing agent for Te*" ionsand suppliessix
electrons to convert Te** to Te?t*, Dilute HCl was

e, P pterioly Science

Hn Tndéan g%wumé



148

Optical properties of spray deposited CdTe thin films

MSAIJ, 7(3) 2011

Full Poper =

600

500 |

, Ss
400 125 mM

(111)

(220)

(311)
(400)

Intensity/ Counts
=]
(=}

(200)
(222)
a |
=2
= \(\{)

—_—

200 4

7.5mM
100 -

JCPDS: 15-770

0 . . i i ‘ ‘ i }
10 20 30 40 50 60 70 80 90 100

26/ deg.

Figure2: X-ray diffraction patternsof the spray-deposited
CdTethin filmsobtained at different solution concentrations
viz.7.5, 10, 12.5and 15 mM

also added at this stage, which shiftschemical equilib-
rium in the appropriate direction, thereby avoiding the
precipitate formation at alater stage. The solution thus
prepared was mixed with aqueous sol ution of CdCl,,
whichresultsinadightly milky solution. Furthermore,
the pH waswell below thedesired valuerequired for
preparing stoichiometric thin films. Hence by adding
few more drops of NH,OH, the pH was made to
10.5. Then this clear solution was used as the precur-
sor. The solution was immediately sprayed onto the
preheated glass substratesbeforeformation of precipi-
tate.

It has been observed that the mixing of CdCl, and
TeO, solutions starts preci pitating and compl ete pre-
cipitation occurswithin haf an hour. Itisthereforees-
sentid to spray themixed solutionimmediately efter the
mixing.

TABLE 1: Variation of crystallitesizewith different solution
concentrationsat afixed substratetemperatur e of 250°C

Solution concentration (mM) Crystallite size (nm)

7.5 49.80
10 55.36

125 51.15
15

TABLE 2: Observed and standar d d valuesfor the CdTethin
filmsat various solution concentrations 51=7-5 mM, SflO
mM, S=12.5mM, S=15mM at fixed temper ature250°C

Observed d values (&) d Reflection
Standard
S, S S, (hkl)
3.742 3.7415 3.7425 3.7415 (111)
3.270 3.2355 (200)
2.290 22906 22913 2.2918 (220)
1.954 1.9543 19557  1.9540 (311)

TABLE 3: Elemental analysisof thespray-deposited CdTe
thinfilmfor the S, sample

Element Wt % At% K-Ratio z A F
OK 1582 3298 0.054 11321 0.3016 1.0003
NaK 6.36 9.22 0.0273 1.0553 0.4052 1.0029
MgK 2.19 3 0.0118 1.0803 0.4982 1.0054
AIK 113 14 0.0073 1.0549 0.6102 1.01
SiK 36.09 4285 0282 10935 0.713 1.0023
CdL 1451 431 01175 0.8349 0.9598 1.0101
TeL 239 625 01814 0.7884 0.9626 1
Total 100 100

In the spray pyrolysistechnique, the clear precur-
sor solution was sprayed onto the preheated hot glass
substrates and pyrolytic decomposition of solution
occurs thereby resulting in well-adherent paebrown
CdTethin films. Every sprayed droplet reaching the
surface of the hot substrate undergoes pyrolytic de-
composition and breaks into its constituent compo-
nents. The solvent and other volatile components get
evaporated in theform of vapours and the only de-
sired compound containing the Cd and Te chemica
speciesdeposit onthe surface of substrateinthinfilm
form.

Thedepositionsof CdTethin filmswerecarried
out at various sol ution concentrations 7.5, 10, 12.5and
15 mM at the optimized substrate temperature of
250°C. It is seen that films prepared at solution con-
centration 15 mM are porous, nonuniform and not ad-

Watariosy Stience  mm—.
A VMW



MSAIJ, 7(3) 2011

C.H.Bhosale et al.

149

1.8

1.6

1.4

Absorbance,(at)

1.2

1 T T
300 500 700

Wavelenth, & (nm)

Figure3: Variation of absorbance (at) with wavelength (A)
for the spray deposited CdTethin film for the optimized solu-
tion concentration (S, sample)
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Figure5: Scanning electron micrographs of spray-depos-
ited CdTethin filmsat optimized solution concentration (S,
sample)

herent to the substrates. Thefilm formation does not
observed bel ow concentration 7.5 mM. Thismay be
due to extralow concentration of the precursor solu-
tion. At higher concentration the complete therma de-
composition of the solution does not take place. How-
ever the CdTethin films deposited at intermediate so-
lution concentration (7.5-12.5 mM) are uniform and
adherent to the glasssubgtrateswith faint brownin color.

Photoelectr ochemical (PEC) studies

The quantitiessuch asshort circuit current (Isc) and
opencircuit voltage (V oc) of the PEC cdll obtained with
each CdTethinfilm areobserved to bereatively maxi-
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Figure4: Plot of (ahv)?ver susenergy (hv) for the CdTethin
films deposited at optimized solution concentration (S,
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Figure6: Energy dispersveX-ray analyss(EDAX) of CdTe
thin film deposited at optimized solution concentration (S,
sample)
mum at optimized solution concentration of 10 MM as
showninfigure 1. Therelatively higher valuesof Isc
andV oc at optimized sol ution concentration may be
dueto the observed more stoichiometry of the com-
pound than that at other concentrations.

X-ray diffraction

Fgure2 showsthediffractogramsobtaned for CdTe
thin films deposited at various sol ution concentrations
on the glass substrates. The samples deposited from
7.5, 10, 12.5and 15 mM solution concentrations are
denoted as S, S,, S, and S, respectively. It can be
seen that the CdTethin film samples obtained at solu-
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tion concentration (7.5-12.5 mM) are polycrystaline.
However thefilm becomes amorphousfor solution con-
centration of 15mM. The XRD pattern revealsthat the
concentration affectsthegrowth mechanism of thefilms
sgnificantly. For theplanes(111), (220) and (311) the
crystall anity first increases reaches maximum at opti-
mize sol ution concentration of 10 MM and again it de-
creasesfor solution concentration of 12.5mM and it
completely disappearsfor concentration of 15 mM. It
reveals that it is amorphous in nature because sub-
stratetemperatureisinsufficient to supply the thermal
energy for recrystallization and grain growth with in-
crement in the sol ution concentration. Further decresse
in crystalanity after 12.5 mM, may be attributed to the
porosity, nonuniformity and nonstiochiometry of theas-
depostedfilms.

In order to study crystallite size of CdTe particles,
al thefilmswere studied by taking aslow scan X-ray
diffractometer. The crystdlite size D can be obtained
from

Debye Scherer equation for broadening dueto par-
ticlesize®2,

kx

b= Bcoso &)
where k=0.9, Qisthefull width at the half maximum
of apeak (FWHM), Risthediffraction angleand Sis
thewavelength of the X-ray radiation used (2.2897 A).

TABLE 1 show that crystallite sizeis maximum
around (111) plane a solution concentration of 10mM.
TABLE 2 confirmsthe ‘d * valuesof the CdTethinfilm
cd culated from the X-ray diffractogramswith the stan-
dard ‘d’ values of the CdTe given in JCPDS data
card™, A matching the observed and the standard ‘d’
va ues confirmsthe film formation of compound CdTe
with cubic crystd structure. The caculated vaue of lat-
tice constant “a’ is found to be 6.48 A agreeing well
with the standard value for single crystal CdTel®334,

Optical absorption studies

Optical absorption studiesof the spray deposited
CdTethinfilmswerecarried outin thewave ength range
350-850 nm at room temperature. Figure 3 showsthe
variation of absorbance (Vt) with the wavelength (S).
The absorption coefficient (V) for the filmsisfound to
be of the order of 10* cm?, supports the direct
interband trangition in the materia. The nature of the

transition can be determined on the basis of depen-
dence of absorption coefficient (V) on the photon en-
ergy (hw). Using the assumption that thetransition
probability becomes constant near the absorption edge,
the absorption coefficient can bedescribed asafunc-
tion of photon energy®,
oo A(hv-E,) 2
hv

where Egisthe band gap energy, hv the photon energy,
A isthe constant and isafunction of density of states
near the conduction and valence band edges, withn=
1/2, 3/2, 2 or 3 depending on whether the transition is
direct allowed, direct forbidden, indirect allowed or
indirect forbidden respectively.

Figure 4 shows variation of (ahv)? versus photon
energy (hv) for CdTethin films. The plot exhibitsal-
most linear variation towardsthelower wavelengthsde
and follows exponential behavior aswavelengthin-
creasesfurther, thereby exhibiting atail at theend. The
exponentia form of thetail can beascribed to theexist-
enceof local impuritiesi.e. defectsor disorder inthe
materid. The opticd band gap of CdTe materid deter-
mined by extrapolating astraight portion of theenergy
axisat V=0is1.5eV. Theresultsarein good agree-
ment with those reported by otherg®9.

SEM and EDAX studies

Figure 5 shows the surface morphology of the
spray-deposited CdTethin filmson glasssubstrates at
optimized solution concentration of 10 MM and afixed
substrate temperature of 250°C. The micrograph re-
vedsthat the substrateiswell covered with large num-
ber of densely packed grains. The compositiond andy-
sisof the CdTethinfilmsiscarried out using EDAX
techniquefor thefilms deposited at optimized solution
concentration and the materia isfound to be dightly
richin Tellurium. The elemental analysisof CdTethin
filmsisshowninfigure6andistabulatedin TABLE 3.
The peaks other than Cd and Te are due to the ele-
ments present in the composition of glass substrate
[Silica(S0,)+Na+Mg+Al].

CONCLUSIONS

CdTethin filmis possible using the spray pyroly-
sistechnique. Thefilms are polycrystallinein nature;
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thecrystallanity ismaximum at the optimized solution
concentration of 10 mM and the optical direct band
gap energy is1.5 eV. The concentration of precursor
solution affectsthe structural and optica properties of
CdTethinfilms.
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